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INTRODUCTION

Terrorism has become an undeniable reality in the United States today. In addition to
conventional weapons, there is increasing concern that criminal individuals, terrorist
groups, or nations may resort to the use of biological, chemical, or radiological
weapons. There is a long history of use of biological and chemical weapons on the
battlefield. While these weapons have been used on occasion in the United States, the
events of September 11, 2001 and the anthrax mailings of October 2001 have made the
potential danger evident. Physicians, nurses, first responders and other health care
personnel in American cities can no longer afford to be uninformed about biological,
chemical and radiological weapons. Rapid recognition of a clinical syndrome consistent
with a bioterrorist agent will facilitate not only appropriate early treatment of the victim,
but will give public health officials time to conduct a rapid epidemiologic investigation to
identify other exposed individuals and deliver appropriate prophylactic measures to
prevent or ameliorate disease. For many biological weapons, a narrow window of
opportunity exists during which a prophylactic measure can be administered to prevent
or treat disease. Delay in recognition will cost lives. Delayed recognition of contagious
bioterrorist agents, chemical agents, and radiological contamination will harm the
affected patients by depriving them of the necessary appropriate treatment or
decontamination and lead to infection or contamination of health care workers.

In prior terrorist attacks 80% of victims who presented for healthcare had not been
exposed or infected with the agent in question, but were suffering from psychological
effects. Such psychological effects can mimic the signs and symptoms associated with
the agent of concern. If such persons are not appropriately recognized and triaged they
will complicate diagnostic issues and deplete pharmaceutical stockpiles.

Clinicians, as well as being first responders, must also be aware that they may be
dealing with the perpetrator of the incident. Terrorists working with weapons of mass
destruction (WMD) may be accidentally exposed to the agent during the perpetration of
the attack. Clinicians should consider this possibility when dealing with patients
exposed to WMD and act accordingly.

The Los Angeles County Department of Health Services (LAC DHS) has a long history
of disaster preparedness and has been involved in preparing for terrorist events since
1998. The LAC DHS approach to terrorism preparedness is to develop an “all-hazards
approach” and to emphasize a “dual purpose” approach to utilization of resources.
Steps taken to combat a potential terrorist event also enhance preparedness for other
types of disasters including natural disasters and natural disease outbreaks.

Detailed updates on the LAC DHS terrorism preparedness effort can be located on the
website www.ladhs.org. Up-to-date information on the bioterrorism preparedness effort
can be found on the website www.labt.org, as well as details on how individual clinicians
can become involved.

This manual seeks to provide a comprehensive resource for clinical personnel to
become educated on various aspects of biological, chemical, and radiological terrorism

8
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and to serve as an emergent guide book on what to do and where to seek information in
the event of an attack. In addition to the hardcopy, an electronic copy of this manual is
maintained on the two websites noted above. The electronic copy will be updated
regularly as new information becomes available. Other educational materials, planning
guidelines, resources and protocols are available online through the noted websites.
Clinical presentations and lectures on biological, chemical, and radiological terrorism for
physicians, nurses, laboratorians, other healthcare workers and first responders are
available.
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SECTION I: BIOTERRORISM INFORMATION AND
TREATMENT GUIDELINES FOR HOSPITALS AND
CLINICIANS
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INTRODUCTION

The LAC DHS recognizes the importance of awareness and preparation for bioterrorism
on the part of healthcare facilities and clinicians. This handbook has been developed as
a reference document for biological emergencies in the healthcare setting to
supplement a hospital’'s emergency preparedness plan. It is organized into two primary
sections. The first section provides an overview of bioterrorism, including bioterrorism
event definitions and reporting requirements. The second section contains detailed
information and treatment guidelines for those potential bioterrorism agents that are of
highest concern.

Hospitals and clinicians have the first opportunity to recognize and initiate a response to
a bioterrorism attack. Healthcare facilities need to have infection control policies in
place authorizing the infection control practitioner or designee to rapidly implement
prevention and control measures in response to a suspected outbreak. In the case of a
suspected event, communication must include infection control practitioners, healthcare
administration, local and state health departments, the Terrorist Early Warning (TEW)
Group, the Federal Bureau of Investigation (FBI) field office and the Centers for Disease
Control and Prevention (CDC).

"The public health infrastructure must be prepared to prevent iliness and injury that
would result from biological and chemical terrorism, especially a covert terrorist attack.
As with emerging infectious diseases, early detection and control of biological or
chemical attacks depends on a strong and flexible public health system at the local,
state and federal levels. In addition, primary healthcare providers throughout the United
States must be vigilant because they will probably be the first to observe and report
unusual ilinesses or injuries" CDC, Biological and Chemical Terrorism: Strategic Plan
for Preparedness and Response, MMWR, April 21, 2000, Vol. 49, No. RR-4.

A major component of a strong public health infrastructure is the capacity to monitor the
ever-changing picture of disease in the community. While many new and improved
methods of disease surveillance are currently being developed and implemented, public
health is dependent on clinicians to promptly report all reportable diseases. A list of
reportable diseases and procedures for disease reporting are listed below. An annual
update of disease reporting is mailed both by post and electronically in the January
edition of “The Publics’ Health.” Healthcare workers can subscribe to this newsletter on
the www.ladhs.org website, and can also sign up to receive urgent electronic health
alerts and advisories of public health emergencies.

Individual healthcare providers will be the first to recognize and respond to a bioterrorist
event. Early detection by astute clinicians and rapid reporting to the local health
department will be critical in minimizing the impact of a bioterrorism event or
other infectious disease emergency.

In November 2001, Title 17 of the California Code of Regulations was amended to

mandate immediate reporting by healthcare providers and clinical laboratory directors of
the diseases/conditions/agents that pose the most serious threat for bioterrorism.

11
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The diseases/conditions having potential bioterrorist implications that healthcare
providers must report immediately (including nights, weekends and holidays) by
telephone to the local health department are suspected or confirmed cases of:
Anthrax

Botulism

Brucellosis

Plague

Smallpox

Tularemia

Varicella deaths

Viral hemorrhagic fevers

Occurrence of any unusual disease

Outbreaks of any disease

Healthcare providers are defined as physicians, surgeons, veterinarians, podiatrists,
nurses, nurse practitioners, nurse midwives, school nurses, infection control
practitioners, physician assistants, dentists, coroners and medical examiners. The
requirement for laboratories to report these diseases does not replace the healthcare
provider’s legal obligation to report. Moreover, public health action aimed at finding the
source of an outbreak and implementing preventive treatment should not be delayed
until a definitive laboratory diagnosis is made. Healthcare providers must immediately
report suspected cases. Detailed information about reporting procedures can be found
at http://www.lapublichealth.org/acd/.

Following notification, the local public health department will arrange for specialized
laboratory testing, provide guidelines for treatment, prophylaxis, and infection control,
begin a public health investigation, and activate local, state and federal emergency
response systems.

Bioterrorism attacks are likely to present as acute outbreaks of an unusual syndrome.
Also, the outbreak of an illness in the "wrong" season or geographic area should raise
suspicion. Examples of clinical syndromes suggesting an unnatural event are as
follows: acute severe pneumonia or respiratory distress, encephalopathy, acute onset
of neuromuscular symptoms, otherwise unexplained rash with fever, fever with mucous
membrane bleeding, unexplained acute icteric syndromes and massive diarrhea with
dehydration and collapse. Atypical host characteristics would be expected. Thus
illness affecting the young (<50 years), immunologically intact, those with no underlying
illness, and no recent history of international travel or other exposure to a potential
source of infection should spark concern. Serious, unexpected, acute illness may be
characterized by any of the following features: abrupt onset, prostration, cardiovascular
collapse, respiratory distress, obtundation/change in mental status and disseminated
intravascular coagulation. Multiple similarly presenting cases, especially geographically
associated or closely clustered in time, would suggest a bioterrorist attack. Finally
increases in common syndromes occurring out of season, such as influenza-like iliness
during summer, should be noted and reported.

Potential biological agents are numerous. Attention has been focused on those agents
that would have the greatest impact on health and security. These agents are highly
contagious or have the potential to be engineered for widespread dissemination via
small-particle aerosols. The CDC has classified potential weapons into three
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categories. These are listed below. Of these, the Catergory A threats are most
important.

Category A

Highest priority agents include those that:

Can be easily disseminated or transmitted from person-to-person

Cause high mortality with greatest potential for major public health impact
May cause public panic and social disruption

Require special action for public health preparedness

Category A agents include:

Variola major (smallpox)
Bacillus anthracis (anthrax)
Yersinia pestis (plague)
Clostridium botulinum toxin (botulism)
Francisella tularensis (tularemia)
Filoviruses:

- Ebola hemorrhagic fever

- Marburg hemorrhagic fever
Arenaviruses:

- Lassa (Lassa fever)

- Junin (Argentine hemorrhagic fever) and related viruses

Category B

Second highest priority agents include those that:

Are moderately easy to disseminate

Cause moderate morbidity and low mortality

Require specific laboratory diagnostic enhancements and enhanced disease
surveillance

Category B agents include:

Coxiella burnetii (Q fever)
Brucella species (brucellosis)
Burkholderia mallei (glanders)
Alphaviruses:

- Venezuelan equine encephalitis

- Eastern and western equine encephalitis
Ricin toxin from Ricinus communis (castor beans)
Epsilon toxin of Clostridium perfringens
Staphylococcus enterotoxin B
Food or waterborne pathogens that include but are not limited to:

- Salmonella species

- Shigella dysenteriae

- Escherichia coli 0157:H7

- Vibrio cholerae

- Cryptosporidium parvum

13
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Source: CDC, Biological and Chemical Terrorism: Strategic Plan for Preparedness and
Response, April 21, 2000, Vol. 49, No. RR-4.

The focus of this document is on the Category A agents. Ricin is also included due to
recent attention by both the media, and reports of terrorist interest in this agent. Future
editions of this manual will include category B and C agents, as well as other agents
thought to be of increased interest to terrorists.

PLEASE CALL THE LOS ANGELES COUNTY DEPARTMENT OF
HEALTH SERVICES (LAC DHS) ACUTE COMMUNICABLE DISEASE
CONTROL PROGRAM.

During Business Hours (M-F, 8am - 5pm): (213) 240-7941
After Hours, Weekends and Holidays: (213) 974-1234

Ask to Speak with the Public Health Physician on Call

14
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To report a case or outbreak of any disease contact
the Communicable Disease Reporting System
Hotline

Tel: 888-397-3993 Fax: 888-397-3778

In the event of a possible bioterrorist incident, please call the Los Angeles
County Department of Health Services (LAC DHS) Acute Communicable Disease
Control Program immediately.

During Business Hours (M-F, 8am - 5pm): (213) 240-7941
After Hours: (213) 974-1234

Ask to Speak with the Public Health Physician on Call.
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Bioterrorism Event Description

The following table is designed to assist public health officials in identifying possible
bioterrorism events. For the clinician, it is intended to reflect the importance of
immediate notification to the Public Health Department of any of the reportable
diseases listed.

T T
°F | ~9F
BIOTERRORISM §g d§§
= W=
EVENT . 8E | S0E
(7]
DEFINITION Fou |wow |
959 0359 | o
Ivm =2nmn | Z
ANTHRAX (Inhalation)
Single Case v Definitely diagnosed or strongly suspected case.
ANTHRAX (Cutaneous) ‘/
. In a patient without compatible risk factors for
Single Case naturally occurring disease.
PLAGUE (Pneumonic) or
TULAREMIA
. Definitively diagnosed and occurring in a patient with
Single Case \/ no known compatible risk factors.
With at least 1 laboratory confirmed case, no known
Greater Than One Case v risk factors, and occurring in a brief time period.
SMALLPOX
Single Case v Definitely diagnosed or strongly suspected case.
VIRAL HEMORRHAGIC
FEVER
Single Case v In a patient with no international travel history.
BRUCELLOSIS
Cluster of Cases \/ Occurring in persons with no known compatible risk
factors.
BOTULISM
Presumptively diagnosed cases with no known
Number Above Baseline v compatible risk factors occurring in a brief time
period.
RESPIRATORY ILLNESS
. Unexplained severe respiratory illness requiring
Number Above Baseline \/ hospitalization occurring outside the usual flu season.
DEATHS
: Unexplained deaths occurring in a brief time period
Number Above Baseline \/ within a defined geographic region.
The occurrence of any unusual epidemiologic
ANY UNUSUAL features in a seemingly natural outbreak (e.g.,
EPIDEMIOLOGIC v absence of the usual risk factors for disease, or the
FEATURES presence of unusual risk factors or greater than
expected morbidity or mortality).

Source: Adapted from the State of California’s Surveillance and Epidemiologic Response Plan
http://www.dhs.ca.gov/ps/dcdc/bt/index.htm
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http://www.labt.org/agent facts/BioterrorismPoster.pdf
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Isolation Guidelines

Patient Management

(]
IMPORTANT PHONE NUMBERS = g % ;£<
Infectious Diseases - | g |8 = w8
Infection Control - e > | a < | e |2 | 2
7] I~ (3] o o < o 2
2 @ " 0‘3 c |8 w | x| 8|8 £ AR
LACDHS Acute Communicable Disease R I © 5 |2 |2 |E |5 |w| Q8 |c|o /9u o '-U
[h'4 ®© [< £ ° 7] Qo | W T40=2 2 >
Control Unit wi =312 B |lo|5 = |3 = | = |={235|c|5|5
. F|S |8 |%© = 2o |8 |2 a < ® | ® S oX 2|35 Q.
Business Hours: (213) 240-7941 %() El5|5 g FRFRERRE "E, ; ; : =92 E Q % @
After hours: (213) 974-1234 & = 4 oA =
Isolation Precautions
Standard Precautions for all aspects of patient care X [ X [X X X | X [ X [X X X X X [ X
Contact Precautions (gown and gloves; wash hands after —— * *
each patient encounter) X X X X X
Airborne Precautions (negative pressure room and N95 mask X+
for all individuals entering the room)
Droplet Precautions (surgical mask) X X**
Patient Placement
No restrictions X X
Cohort “like” patients when private room is not available X X | X | X X X
Private room X X* | X* | X X X
Negative pressure X X**
Door closed at all times X X**
Patient Transport
No restrictions X X X
Limit movement to essential medical purposes only X X* | X* | X X X
Place mask on patient to minimize dispersal of droplets X X**
Cleaning and Disinfection
Routine cleaning of room with hospital approved disinfectant X X X | X
Disinfect surfaces with 10% bleach solution or phenolic X
disinfectant
Dedicated equipment (disinfect prior to leaving room) XF** X* | X* X
Linen management as with all other patients X X (X |X X
Linens autoclaved or laundered in hot water with bleach
added
POST-MORTEM CARE
Follow principles of Standard Precautions X X X | X X
Droplet Precautions (surgical mask) X
Contact Precautions (gown and gloves) X* | X* X
Avoid autopsy or use Airborne Precautions and HEPA filter X X X**
Routine terminal cleaning of room with hospital approved
disinfectant X X X X
Disinfect surfaces with 10% bleach solution or phenolic
disinfectant
Minimal handling of body; seal body in leak-proof material X
Cremate body whenever possible
DISCONTINUATION OF ISOLATION
48 hours of appropriate antibiotic and clinical improvement X
Until all scabs separate
Until skin decontamination completed (1 hour contact time)
Duration of illness X** L X* | X* X
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Standard Precautions — Prevent direct contact with all body fluids (including blood), secretions, excretions, non-intact skin (including rashes) and mucous
membranes. Standard Precautions routinely practiced by healthcare providers include: splash/spray and gowns to protect skin and clothing during procedures.

*Contact Precautions needed only if patient has skin involvement (bubonic plague: draining bubo) or until decontamination of skin is complete (T2 Mycotoxins).
**A surgical mask and eye protection should be worn if you come within 3 feet of patient. Airborne Precautions are needed if patient has cough, vomiting, diarrhea
or hemorrhage.

***Contact Precautions needed only if the patient is diapered or incontinent.

Designed by LTC Suzanne E. Johnson, RN, MSN, CIC, Walter Reed Army Medical Center; Revised by Center for the Study of Bioterrorism and Emerging
Infections
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Standard Precautions

Standard precautions are employed in the care of ALL patients.

Wash hands after patient contact

Wear gloves when touching blood, body fluids, secretions, excretions and
contaminated items

Wear a mask and eye protection, or a face shield and a gown during
procedures likely to generate splashes or sprays of blood, body fluids,
secretions or excretions

Handle used patient-care equipment and linen in a manner that prevents
the transfer of microorganisms to people or equipment

Use care when handling sharps and use a mouthpiece or other ventilation
devices as an alternative to mouth-to-mouth resuscitation when practical
Ensure that the hospital has adequate procedures for the routine care,
cleaning and disinfection of environmental surfaces, beds, bedrails,
bedside equipment, and other frequently touched surfaces

Handle, transport and process used linen soiled with blood, body fluids,
secretions and excretions in a manner that prevents skin and mucous
membrane exposures and contamination of clothing and that avoids
transfer of microorganisms to other patients and environments.

Take care to prevent injuries when using needles, scalpels and other
sharp instruments or devices

Place a patient who contaminates the environment or who does not (or
cannot be expected to) assist in maintaining appropriate hygiene or
environmental control in a private room. If a private room is unavailable,
consult with infection control professionals regarding patient placement or
other alternatives

Airborne Precautions

Standard precautions plus:

Place the patient in a private room that has a monitored negative airflow
room, with six to twelve air exchanges per hour, and appropriate filtration
of air (high efficiency particulate air) before it is discharged from the room
Wear a properly fitted N95 or higher quality mask when entering the room
Limit movement and transport of the patient. Place a mask on the patient
if s/he needs to be moved from their room

Droplet Precautions

Standard precautions plus:

Place the patient in a private room or cohort them with someone with the
same infection. If not feasible, maintain at least 3 feet between patients
Wear a mask when working within 3 feet of the patient
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¢ Limit movement and transport of the patient. Place a mask on the patient
if s/he needs to be moved from their room.
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Contact Precautions

Standard Precautions plus:

Place the patient in a private room or cohort them with someone with the
same infection if possible

Wear gloves when entering the room. Change gloves after contact with
infective material. Remove gloves before leaving the patient’s room
Wear a gown when entering the room if contact with patient is anticipated
or if patient has diarrhea, colostomy or wound drainage not covered by a
dressing

Limit the movement and transport of patient from the room

Daily cleaning of patient-care objects, bedside equipment and frequently
touched surfaces

Dedicate use of medical equipment. If not feasible adequate disinfection
between patients is necessary

VHF-specific Barrier Precautions

Strict adherence to hand hygiene

Place the patient in a private room that has monitored negative airflow
room, with six to twelve air exchanges per hour, and appropriate filtration
of air (high efficiency particulate air filter) before it is discharged from the
room.

Wear a properly fitted N95 mask or higher quality mask, double gloves,
impermeable gown, leg and shoe covering, face shield and goggles when
entering the room

Dedicate use of medical equipment

Disinfect environment with an EPA-registered hospital disinfectant or a
1:100 dilution of household bleach

Limit the movement or transport of the patient from the room

(Please note these precautions are more stringent than recommended in health
care settings in developing nations. For more information see
http://www.cdc.gov/ncidod/dvrd/spb/mnpages/vhfmanual.htm

For more information on Isolation precautions, please see
http://www.cdc.gov/ncidod/hip/isolat/isolat.htm.
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ANTHRAX

ALL SUSPECTED CASES OF ANTHRAX MUST BE REPORTED IMMEDIATELY TO
THE LAC DHS ACUTE COMMUNICABLE DISEASE CONTROL PROGRAM:

During Business Hours (M-F, 8am - 5pm):  (213) 240-7941
After Hours (County Operator): (213) 974-1234

Ask to Speak with the Public Health Physician on Call.
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Quick Reference: Anthrax (Bacillus anthracis)

ALL SUSPECTED CASES OF ANTHRAX MUST BE REPORTED IMMEDIATELY TO LAC DHS ACUTE
COMMUNICABLE DISEASE CONTROL PROGRAM

During Business Hours: (213) 240-7941
After Hours (County Operator): (213) 974-1234

Epidemiology:

e Anthrax infection occurs in humans in 3 major forms: inhalational, cutaneous and
gastrointestinal. Cutaneous anthrax is the most common naturally occurring form and results
from direct contact with infected animals or animal products. Gastrointestinal anthrax,
resulting from ingestion of inadequately cooked meat from infected animals, is rare.

e The spore form of anthrax is highly resistant to physical and chemical agents; spores can
persist in the environment for years

¢ |n the United States, in October 2001, anthrax-contaminated mail resulted in 22 cases
(inhalational and cutnaeous) and 5 deaths

Clinical:

Inhalational anthrax:

e Incubation period 1-7 days (range up to 43 days in humans and 60 days in non-human
primates)

e Presents as acute hemorrhagic mediastinitis

¢ Mediastinal widening by chest X-ray or CT in previously healthy, non-trauma patient is
virtually pathognomonic

e Biphasic illness with an initial phase characterized by nonspecific flu-like iliness followed by
an acute phase characterized by acute respiratory distress, toxemia (sepsis), chest pain,
dyspnea and abdominal pain

e Hemorrhagic meningitis in 50% of inhalational anthrax cases

e Mortality rates from 90% (historic) to 45% (2001 attack)

Cutaneous anthrax::

e Incubation period 1-7 days (up to 12 days)

e Presents as papule, progressing to vesicle and ulcer with black eschar over 3-10 days
Laboratory Diagnosis:

e  Gram stain of primary specimens shows gram-positive non-motile bacilli, occurring singly or
in short chains, often with squared off ends (“bamboo-rod” appearance), additionally a
capsule may be visible as clear zones around the bacilli or be demonstrated by negative
staining with India ink on a wet mount. In advanced disease, a Gram stain of unspun blood
may be positive. Sputum is rarely positive.

e Distinguishing characteristics on culture include: non-hemolytic, non-motile, spore forming
rods; encapsulated bacteria may be seen from positive blood culture bottles and from growth
on specialized solid media (not sheep-blood agar) under appropriate conditions.

e Gamma phage lysis, DFA, PCR and time resolved fluorescence assays are available at the
Public Health Laboratory and national reference laboratories for confirmatory testing.

e Primary isolation and Gram stain can be performed at the hospital (level A, BSL-2)

e Processing of environmental specimens and powders requires BSL-3 laboratory facilities and
should not be performed in clinical laboratories; contact the Public Health Laboratory.

Treatment:

e Prompt initiation of antibiotic therapy and antibiotic susceptibility testing
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e Ciprofloxacin or doxycycline, combined with 1 or 2 other antibiotics for inhalational anthrax,
are the antibiotics of choice for penicillin-resistant anthrax or for empiric therapy while
awaiting susceptibility results; treatment should be continued for at least 60 days.

Management of Exposed Persons:

e |If vaccine is available, all exposed persons (as determined by local and state health
departments) should be vaccinated with 3 doses of anthrax vaccine (days 0, 14 and 28)

e Start antibiotic prophylaxis immediately after exposure with ciprofloxacin (or acceptable
alternative fluoroquinolone) or doxycycline. If strain is penicillin susceptible, therapy can be
changed to penicillin or amoxicillin.

e Antibiotic prophylaxis should be continued until 3 doses of vaccine have been administered.
If vaccine is unavailable, antibiotics should be continued for at least 60 days

e Compliance with the full course of antibiotic prophylaxis must be reinforced regardless of the
perceived level of exposure; no “short courses” should be administered

Infection Control:

e Standard Precautions - anthrax is not transmitted from person-to-person
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Introduction and Epidemiology

Anthrax is a disease caused by Bacillus anthracis that can infect most warm-blooded
animals, including man. In humans, 3 types of anthrax disease occur: inhalational,
cutaneous and gastrointestinal, depending on the route of exposure. Transmission to
humans usually occurs through contact with infected animals or contaminated animal
products. In September 2001, letters containing anthrax spores were sent via the
United States mail to media and Senate offices on the East Coast. Twenty-two
confirmed or suspected anthrax cases (11 inhalational and 11 cutaneous) resulted, with
five deaths from inhalational anthrax.

The spore form of B. anthracis is highly resistant to physical and chemical agents. The
organism has been shown to persist for decades in soil and in factories contaminated
during the processing of infected animal products. Soil is the major reservoir for
anthrax.

Although human anthrax is infrequent and sporadic in the United States, human cases
(primarily cutaneous) continue to be reported from Africa, Asia, Europe and the
Americas. While anthrax-contaminated soil exists in many foci throughout the United
States, the number of cases reported annually, prior to the 2001 bioterrorism-related
outbreak, had declined over the last five decades; in the United States, five human
cutaneous cases were reported between 1981-1996 and the last known inhalational
anthrax case occurred in 1976. There are no data to support person-to-person
transmission of anthrax.

A suspected case of anthrax in a patient without a clear exposure history (e.g., a
traveler returning from an area with known animal cases or a person with
exposure to imported animal hides) may be the first clue of a bioterrorist attack.
Therefore, even a single, suspect case should be immediately notified to the LAC
DHS Acute Communicable Disease Control Unit (Business Hours: (213) 240-7941
or After Hours: (213) 974-1234).

Significance as a Potential Bioterrorist Agent

e Anthrax was successfully used as a bioterrorist agent in the United States in
September 2001, resulting in 22 cases, 5 deaths and massive societal
disruption

e Anthrax has been weaponized by many countries during the last 50 years,
including the United States (during the 1950s) and Iraq during the Gulf War

e Anthrax is easy to cultivate and spores are readily produced
Anthrax spores are highly resistant to heat and disinfection

o |[f aerosolized spores are inhaled, a severe hemorrhagic mediastinitis can
occur with high mortality rates despite appropriate treatment

e Currently, anthrax vaccine is in limited supply in the United States
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Clinical Manifestations

Clinical manifestations of anthrax infections resulting from a bioweapons attack will
depend on the method of dissemination. An aerosol release would result in most
infected individuals presenting with symptoms of inhalational anthrax, with fewer having
the cutaneous form of the disease. High-dose powder dissemination, e.g., letters
contaminated with finely milled spores, resulted in cases of both inhalational and
cutaneous anthrax in the 2001 anthrax attacks. A terrorist may present with cutaneous
or inhalational anthrax after working with the agent. Therefore, an anthrax case should
raise suspicions. There is little information on the potential effectiveness of intentional
food or water contamination in causing gastrointestinal anthrax. Gastrointestinal
anthrax is extremely rare and requires the ingestion of vegetative cells such as those
found in infected animal flesh. Unlike spores, vegetative cells do not survive for long
periods in the environment. Studies have shown that when animals are given high
doses of anthrax spores by a feeding tube they do not develop gastrointestinal anthrax.
However, heavy contamination of food with spores could potentially cause inhalational
anthrax if spores were inhaled during ingestion.

Inhalational Anthrax

Presents as acute hemorrhagic mediastinitis after inhalation of aerosolized B. anthracis
spores. Inhalational anthrax does not usually present as an acute pneumonia.

Incubation period

lliness usually occurs within 1-7 days of exposure (possibly up to 43 days). Viable
spores have been found in mediastinal lymph nodes of nonhuman primates up to 100
days following aerosolized exposure.

Signs and Symptoms
Typically a biphasic illness. Patients can progress directly from the “initial phase” to the
“acute phase.”

Initial Phase is characterized by flu-like signs and symptoms:
¢ Mild, nonspecific respiratory illness

Malaise, fatigue, myalgia

Low-grade fever

Nonproductive cough

Mild chest discomfort (occasionally)

Abdominal pain

Acute Phase develops after 2-5 days, occasionally preceded by 1-2 days of
improvement. Characteristic findings include:

Acute severe respiratory distress, dyspnea, cyanosis, stridor

Profuse diaphoresis

Subcutaneous edema of chest and neck

Markedly elevated temperature, pulse, respiratory rate, moist crepitant rales
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e X-RAY findings: mediastinal widening in an otherwise healthy person is
considered pathognomonic, although this finding may be subtle; pleural
effusions, infiltrates and evidence of pulmonary congestion may be present

e Non-contrast CT: mediastinal lymphadenopathy, pleural effusion, infiltrates or

consolidation

Shock develops rapidly, sometimes accompanied by evidence of hemorrhagic
meningitis (50% of cases), and patients usually die within 24 hours of onset of the acute
phase. In prior outbreaks, mortality rates approached 90% despite antibiotic therapy.

Differential Diagnosis of Inhalational Anthrax

Condition

Features of Condition that
Distinguishes from Anthrax

Mycoplasma pneumonia

Marked patchy infiltrates, + cold
agglutinins

Legionnaire’s disease

May have high fever with relative
bradycardia, diarrhea, infiltrates

Psittacosis History of exposure to birds, pneumonitis
Plague More likely to have pulmonary infiltrate
Tularemia More likely to have pulmonary infiltrate,

less fulminant disease

Invasive group A streptococcal pneumonia

More likely to have pulmonary infiltrate

Q fever

Animal exposure history, phase |
antibodies

Histoplasmosis

Long standing X-ray findings, chronic
onset

Traumatic mediastinitis

History of trauma

Coccidioidomycosis

Residence or travel to southwestern U.S.

Acute bacterial mediastinitis

Post-surgical infection, esophageal
perforation, continuous spread from head
neck or thoracic infection

Inhalation of staphylococcal enterotoxin B
(as a bioterrorist agent)

No prodrome present

Superior vena cava syndrome

Other clinical symptoms of SVC syndrome

Ruptured aortic aneurysm

No prodrome

Anthrax should be strongly considered in any previously healthy patient with

acute mediastinitis.

Clinical Laboratory Values

The white blood cell count (WBC) may be slightly elevated at time of initial visit, often
with left shift. Later in the illness there may be a marked elevation of WBC with left
shift. Transaminases may be elevated, hypoxemia may be present and patients may
have metabolic acidosis. Hypocalcemia, hypoglycemia and hyperkalemia have been
reported in animal models. Cerebrospinal fluid in hemorrhagic meningitis may show red
blood cells (RBC), elevated WBC, elevated protein, gram-positive rods and decreased

glucose.
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Detailed descriptions of the first 10 bioterrorism-related inhalational anthrax cases in the
2001 bioterrorism-associated outbreak are summarized in the following tables.

Table 1. Symptoms for 10 patients with bioterrorism-related
inhalational anthrax in October and November 2001. Jernigan J, et al.
Emerg Infect Dis. 2001; 7(6):933-43.

Symptoms n=10
Fever, chills
Fatigue, malaise, lethargy

RN
o

Cough (minimal or nonproductive) 18
Nausea or vomiting 9
Dyspnea 8
Sweats (often drenching) 7
Chest discomfort or pleuritic pain 7
Myalgias 6
Headache 5
Confusion 4
Abdominal pain 3
Sore throat 2
Rhinorrhea 1
Physical findings
Fever (>37.8°C) (100.04°F) 7/10
Tachycardia (heart rate > 100/min) 8/10
Hypotension (systolic blood pressure < 110 mm Hg) 1/10
Laboratory results
WBC (median) 9.8 x 10%/mm°
(range) 7.5-13.3 x 10¥/mm®
Differential — neutrophilia (>70%) 7/10
bands (>5%) 4/5
Elevated transaminases 9/10
(SGOT or SGPT >40 U/L)
Hypoxemia 6/10
Alveolar-arterial oxygen gradient (>30 mm Hg)
O, saturation on room air (<94%)
Metabolic acidosis 2110
Elevated creatinine (>1.5 mg/dl) 1/10
Chest X-ray findings
Any abnormality 10/10
Mediastinal widening 7/10
Pleural effusion 8/10
Infiltrates or consolidation 7110
Chest computed tomography findings
Any abnormality 8/8
Mediastinal lymphadenopathy, widening /8
Pleural effusion g;g

Infiltrates or consolidation
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Cutaneous Anthrax

Presents as a "malignant pustule or malignant carbuncle" resulting from introduction of
anthrax spores beneath the skin by inoculation or contamination of a pre-existent break
in the skin.

Incubation period
Ranges from 1-7 days (up to 12 days). The typical incubation period is 2-5 days.

Signs and Symptoms

An evolving skin lesion, usually located on exposed parts of the body (face, neck,

arms), with varying degrees of associated edema. The skin lesion typically progresses

as follows:
e Small, painless, red macule

Pruritic papule

Small ring of vesicles that coalesce into a single large vesicle

Vesicle ruptures to form depressed ulcer

1-3 cm black necrotic eschar develops in center (7-10 days from onset of lesion)

often with significant edema

Eschar falls off (after 1-2 weeks) often leaving no permanent scar

Edema, redness and/or necrosis without ulceration may also occur

Lesions are generally not purulent unless there is superinfection.

Systemic symptoms include fever, headache, myalgias, and regional

lymphangitis/lymphadenopathy (7 of the 11 cutaneous cases in the recent 2001

anthrax attacks had systemic symptoms).

e Lesions on the face and neck may be associated with significant edema and
narrowing of the trachea from neck swelling can occur.

e "Malignant edema" describes a syndrome with marked edema, induration and
multiple bullae at the site of inoculation associated with generalized toxemia.

e Septicemia is rare.
Untreated cutaneous anthrax progresses to systemic anthrax in 10-20% of
cases.

e Systemic anthrax has a case fatality rate of up to 20%.
Fatalities are rare (<1%) with primary cutaneous anthrax if effective antibiotic
treatment is given.

e Despite antibiotic treatment, the lesion will progress through all stages.
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Differential Diagnosis of Cutaneous Anthrax

Condition Features of Condition that Distinguish from Cutaneous
Anthrax

Insect bite History of insect bite, often painful

Brown recluse spider | History of insect bite (lesion becomes painful, and may

bite manifest the “red, white and blue sign”)

Ulceroglandular More tender than pruritic; local edema typically less than in

tularemia anthrax

Scrub typhus Generalized macular-papular or papular-vesicular rash;

papular base is discernible under the vesicle or eschar; history
of residence or travel to endemic areas

Rickettsial spotted Generalized macular-papular or papular-vesicular rash;

fevers papular base is discernible under the vesicle or eschar; history
of residence or travel to endemic areas

Ecthyma Usually associated with frank cellulitis or with known

gangrenosum immunosuppression

Plague Sudden onset of painful lymphadenopathy; skin lesions are
rare in U.S. cases

Glanders Travel to or residence in endemic area

Orf virus disease Animal exposure; contact with sheep, goats, or musk oxen;
lesion associated with crusts and scabbing

Staphylococcal Lesion purulent with palpable lymph nodes; primary wound is

lymphadenopathy associated with red, linear streaks toward regional lymph node

Cutaneous Travel to or residence in endemic area; eschar is absent

leishmaniasis

Cat scratch disease Contact with kittens or cats with fleas; primary lesion is a

papule or vesicle, tender lesion and lymphadenopathy

Clinical Laboratory Values
Laboratory values are within normal limits if not disseminated and similar to inhalational
anthrax if dissemination has occurred.

Gastrointestinal Anthrax

Occurs after the ingestion of contaminated food, particularly raw or undercooked meat
from infected animals.

Incubation period
Ranges from 1-7 days (up to 12 days).

Signs and Symptoms

Two clinical presentations, intestinal and oropharyngeal, have been described. The
symptoms of intestinal anthrax are initially nonspecific and include nausea, vomiting,
anorexia and fever. As the disease progresses, abdominal pain, hematemesis and
bloody diarrhea develop, occasionally accompanied by ascites. The patient may
present with the findings of an acute surgical abdomen. Oropharyngeal anthrax is
associated with cervical edema and necrosis. A lesion, resembling a cutaneous anthrax
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lesion, may be seen in the oral cavity on the posterior wall, the hard palate or the
tonsils. Patients typically complain of fever, dysphagia and lymphadenopathy. Toxemia,
shock and cyanosis characterize the terminal stages of both forms of the disease. The
case fatality rate for gastrointestinal anthrax ranges from 25% to 60% (role of early
antibiotic treatment is undefined).

Laboratory Diagnosis

The Laboratory Response Network (LRN) for bioterrorism consists of over 100 state
and local public health and military laboratories located throughout the United States.
These laboratories have protocols and reagents that enable them to rapidly identify

B. anthracis and other potential agents of bioterrorism. The LRN categorizes laboratory
levels A-D, based on capacity to perform testing for biological agents and the biosafety
level (BSL). Most hospital laboratories are Level A facilities. These possess BSL-
2 capabilities and can culture clinical specimens to either rule out B. anthracis or
refer isolates to a higher level laboratory for confirmation. Level B laboratories are
either state or local public health laboratories or other federal laboratories that possess
standardized protocols, validated reagents, advanced technologies for confirmatory
testing, and the capacity to perform testing on environmental specimens. Level C
laboratories possess BSL-3 facilities, or have BSL-2 facilities and use BSL-3 practices,
and have molecular analysis and reference capabilities. There are two Level D
laboratories: CDC and United States Army Medical Research Institute of Infectious
Diseases (USAMRIID). These laboratories are responsible for the development and
standardization of both traditional and molecular assays for detection, identification and
strain characterization of bioterrorism agents. The LAC Public Health Laboratory (PHL)
is a level B and C laboratory for anthrax testing.

As a reminder, if anthrax is suspected, clinicians are required to immediately call
the LAC DHS Acute Communicable Disease Control Program (Business Hours:
(213) 240-7941 or After Hours: (213) 974-1234). Clinical laboratories should not
attempt to handle environmental specimens, letters or packages containing
powder. These should be referred to the LAC PHL after consulting with local law
enforcement and with PHL personnel (Business Hours: (213) 250-8619 or After
Hours: (213) 974-1234).

Microbiology

Culture is the definitive test for anthrax. B. anthracis is a gram-positive spore-forming
bacillus that forms flat to slightly convex unevenly round colonies that are grayish in
color with a ground-glass appearance and uneven borders. It is non-hemolytic (weak
hemolysis may be seen on older cultures), non-motile, gamma phage and usually
penicillin susceptible, and able to produce the characteristic capsule under appropriate
conditions.

B. anthracis can be isolated from blood, pleural fluid, CSF, ascitic fluid, vesicular fluid
or lesion exudate. Sputum cultures are rarely positive. When culturing a lesion, either
vesicular fluid or exudate from the ulcer itself should be collected. If there is no visible
exudate, the edge of the eschar can be lifted with a pair of forceps and the fluid near the
edge collected.

32



TERRORISM INFORMATION AND TREATMENT GUIDELINES FOR HOSPITALS AND CLINICIANS

e Blood cultures may be positive for bacterial growth in 12-48 hours using standard
technology. A capsule may be demonstrated directly from the blood culture
bottle. From growth on sheep blood agar, the organism is non-motile, non-
hemolytic and unencapsulated.

e |Isolates must be sent to the PHL for definitive identification if B. anthracis
cannot be ruled out (presumptive identification). Presumptive identification
of anthrax by the microbiology laboratory is based upon the following
characteristics:

Rapid aerobic growth on a blood or nutrient agar isolation plate

Gram stain showing large gram-positive rods with square or concave ends
having oval subterminal-to-central spores that do not cause swelling of the
vegetative cell (spores are evident only from cultures grown in a non-CO
atmosphere)

e Colonies on blood agar are non-hemolytic, rough, gray-white, tenacious colonies
with comma-shaped protrusions giving an undulated appearance to the border
(“Medusa-head colony”)

e Organisms are non-motile as determined by wet-mount or motility medium, and
are catalase positive

Confirmatory criteria for distinguishing B. anthracis from other Bacillus species
include:

e Capsule production

e Lysis by gamma phage and

e DFA assay.

Nasal Cultures

Nasal cultures are used only for epidemiologic investigation, to detect aerosol
contamination of contaminated environments. They should only be performed by
public health personnel in the context of epidemiologic investigations. Nasal
cultures are not performed for detection of B. anthracis in an individual patient because
it is regarded as insensitive and untested. Decisions regarding postexposure
prophylaxis should not be based on an individual’s nasal swab culture results.

Gram Stain

Gram stain should be performed on vesicular fluid or exudate from ulcerative lesions for
suspected cutaneous anthrax, pleural fluid for suspected inhalation anthrax and CSF for
suspected meningeal involvement. In advanced disease, a Gram stain of unspun
blood may be positive. The Gram stain shows gram-positive bacilli, usually occurring
singly or in short chains (2-4 cells), often with squared-off ends (“bamboo-rod”
appearance). India ink will clearly demonstrate the capsule where the Gram stain may
not.

Direct Fluorescent Antibody (DFA) Test

Rapid diagnostic staining technique. This test has been used to examine exudate from
cutaneous lesions, CSF and tissue. Not generally helpful for inhalational anthrax
because respiratory/pleural fluid specimens are usually negative in the early stages of
disease when rapid diagnosis is most critical. This test is currently available only at LRN
Laboratories.

33



TERRORISM INFORMATION AND TREATMENT GUIDELINES FOR HOSPITALS AND CLINICIANS

Rapid Diagnostic Test

An ELISA assay for protective antigen detection and PCR for detection of nucleic acid
can provide a preliminary diagnosis of anthrax within several hours. Currently, these
tests are only available at reference laboratories.

Serology
Not helpful for rapidly establishing the diagnosis during the acute iliness.

Autopsy Findings

Identifying thoracic hemorrhagic necrotizing lymphadenitis and hemorrhagic necrotizing
mediastinitis in a previously healthy patient is essentially pathognomonic for inhalation
anthrax. Hemorrhagic meningitis would also be a distinct clue to the diagnosis of
anthrax.

Laboratory Diagnosis of Cutaneous Anthrax

A negative culture does not exclude the diagnosis of anthrax, especially if collected
when the lesion has ulcerated or after antibiotic treatment. Definitive diagnosis requires
immunohistochemical staining of biopsy specimens at CDC. Please call LAC DHS PHL
or LAC DHS Acute Communicable Disease Control Unit to arrange testing. A digital
photograph of the lesion, if available, will facilitate testing.

**NOTE: In the event of a bioterrorist event, the anthrax strain may be penicillin
resistant. There are currently no NCCLS standards for susceptibility testing for B.
anthracis. Microbiology laboratories must alert the LAC DHS Acute
Communicable Disease Program (Business Hours: (213) 240-79410r After Hours:
(213) 974-1234) as soon as B. anthracis is identified so that susceptibility testing at
a national reference laboratory can be arranged. The results of susceptibility
testing are crucial in guiding both therapy and prophylaxis for potentially infected
persons.

Handling Laboratory Specimens

BSL-2 practices, containment equipment and facilities are recommended for
procedures on clinical materials suspected as being positive for anthrax.
Laboratory staff handling specimens from persons who might have anthrax must wear
surgical gloves, protective gowns and shoe covers. Laboratory tests should be
performed in BSL-2 cabinets and blood cultures should be maintained in a closed
system. Every effort should be made to avoid splashing or creating an aerosol, and
protective eye wear and masks should be worn if work cannot be done in a BSL-2
cabinet.

Accidental spills of potentially contaminated material should be decontaminated
immediately by covering liberally with a disinfectant solution 0.5% hypochlorite (10%
household bleach) or 10% formalin), left to soak for 30 minutes, and wiped up with
absorbent material soaked in disinfectant. All biohazardous waste should be
decontaminated by autoclaving. Contaminated equipment or instruments may be
decontaminated with a hypochlorite solution, hydrogen peroxide, iodine, peracetic acid,
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PULMONARY INTOXICANTS

Pulmonary intoxicants cause severe life-threatening lung injury after inhalation. These
effects are generally delayed several hours after exposure. Treatment is usually
supportive and may require advanced intensive care techniques including intubation,
use of a mechanical ventilation and PEEP. Pulmonary intoxicants included with this
group are phosgene and chlorine.

Phosgene

Phosgene is widely used today in the manufacturing of dyes, coal tar, pesticides, and
pharmaceuticals. It was widely used in WWI until mustard was introduced on the
battlefield.

The Bhopal, India disaster of 1984, at a Union Carbide plant, involved the release of
50,000 pounds of methylisocyanate. This chemical is composed of phosgene and
methylamine. There were 150,000 people affected, 10,000 severely injured, and 3,300
killed. The effects of the release were thought to be due to a combination of isocyanate
and phosgene.

Characteristics

Phosgene has a characteristic odor of freshly mown hay and is four times heavier than
air. Itis a gas above 47 °F, and is principally a hazard by inhalation.

Mechanism of Action and Clinical Effects

Phosgene dissolves slowly in water to form carbon dioxide and hydrochloric acid (HCI).
In contact with the moist mucosa the HCI causes a transient irritation of the eyes, nose,
sinuses, and throat. It can also irritate the upper airway and bronchi, causing a dry
cough. However, the primary damage from phosgene is from the carbonyl group, which
destroys the alveolar capillary membrane. (Perflouroisobutylene, PFIB, the combustion
product of burning Teflon, found in many military vehicles, has a similar action as
phosgene, but is more toxic.)

Phosgene penetrates poorly into the airways due to its poor water solubility. There is a
symptom-free period of 2 to 24 hours. Over the first several hours, the carbonyl group
from the phosgene attacks the surface of the alveolar capillaries. Eventually, this
causes the leakage of serum from the capillaries in the lung into the alveoli and
interstitial space. The fluid fills the tissues, causing severe hypoxia and apnea. As the
fluid leaks into the alveoli, massive amounts of fluid (up to 1 liter per hour) pour out of
the circulation. The patient develops a severe non-cardiogenic pulmonary edema.
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Medical Management and Treatment

The leakage of fluid in the lungs causes volume depletion. Although the patient may
clinically look like traditional heart failure, DO NOT USE DIURETICS. These patients
are volume depleted. Treat hypotension with fluids. These patients may require
intubation and the use of PEEP.

In the hospital, the initial examination of a patient, symptomatic or not, should include —
(as a minimum): auscultation, chest x-ray, and arterial blood gases. If the victim
develops severe dyspnea due to upper airway irritation, early intubation should be
considered to manage oxygen delivery and to prevent laryngeal spasm. The airway
should be suctioned frequently to remove secretions. According to some authorities,
antibiotic use should be guided by Gram stain and culture results. Another source
recommends prophylactic antibiotics, as autopsy studies show uniform evidence of
pneumonia and bronchitis.

Ventilator management, PEEP, and oxygen administration might require consultation
with a pulmonologist. Fluid hydration may be necessary to treat the hypotension,
bradycardia, or impending renal failure. Diuretics such as Lasix are contraindicated
because of the hypotension and the noncardiac nature of the pulmonary edema.
Standard bronchodilators will usually control bronchospasm, but if not, steroids may be
needed for this purpose. Routine steroid use is controversial, but steroids seemed to
offer some efficacy after the Bhopal tragedy. Once the patient recovers, there should
be little residual pulmonary effect.

Chlorine

Chlorine is a significant irritant to the eyes and respiratory tract. It is widely used in the
manufacture of chemicals, plastics, and paper and is commonly used in swimming
pools and laboratories. Industrial exposures have produced large numbers of injuries.

Characteristics

Chlorine is a greenish-yellow gas that has a characteristic pungent odor that is irritating
to the nasal mucosa. It is transported as a liquid and is less alkaline than ammonia.

Mechanism of Action and Clinical Effects

Chlorine injures cells by reacting with water, producing hydrochloric acid (irritating) and
free oxygen radicals (attack cells). It is toxic to any body surface including the eyes,
skin, respiratory tract, and Gl tract. Chlorine gas is 30 times more irritating to the
respiratory mucosa than HCI.

In seconds after the exposure, there are symptoms of irritation to the eyes, nose, and
throat. This is followed by irritation of the respiratory tract with coughing, shortness of
breath, wheezing, chest pain, and sputum production. Initial respiratory distress is
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followed in 12 to 24 hours by noncardiogenic pulmonary edema. Sudden death is
usually due to severe hypoxia and cardiac arrest.

Medical Management and Treatment

Move exposed victims away from the source of exposure. If the victim has no
complaints, probably no treatment will be necessary.

Toxicity to skin and eyes should be treated with copious flushing with water. Irritation of
the respiratory tract is treated with oxygen, cool mist to moisten the damaged mucosa,
and bronchodilators to resolve bronchospasm.

Intubation, mechanical ventilation, and assessment of hydration may be required.
Bronchoscopy may be useful to remove mucosal plugs.

Ammonia

Characteristics

Ammonia is a colorless, highly water-soluble, alkaline gas that has a pungent odor. It is
widely used industrially in the U.S. with over 500,000 workers potentially exposed
annually. It is used as an agricultural fertilizer and is used in the manufacture of
explosives, dyes, and plastics.

Mechanism of Action

Ammonia is rapidly absorbed by mucosal surfaces and causes damage to the eyes, oral
cavity, throat, and lungs. When mixed with water, it forms a corrosive agent,
ammonium hydroxide (NH;sOH) that causes considerable damage in the form of
liquefaction necrosis. Due to its high water solubility, ammonia penetrates rapidly into
tissue. Household ammonia generally has a pH less than 12 and generally causes
limited damage to eyes or mucosa. Anhydrous ammonia is an industrial chemical that
has a very high pH and is extremely corrosive and can cause severe damage to the
eyes, lungs, and skin.

Clinical Effects

Ophthalmic

Initially, ammonia causes burning, tearing, and severe pain. It has a tremendous
capacity to penetrate the eye, causing corneal opacification and lens damage leading to
cataract formation.
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Pulmonary

Mild exposure causes cough, shortness of breath, chest pain, wheezing, and laryngitis.
Higher exposure can cause hypoxia, chemical pneumonia (pneumonitis), and
hemorrhage. This will gradually improve over 72 hours. If the patient survives the first
24 hours, recovery is probable.

Integumentary
Pain, blister formation, and possibly deep burns similar to frostbite can occur.

Gastrointestinal

If ammonia is ingested, severe mouth pain, cough, abdominal pain, nausea, and
vomiting can occur. Severe edema of lips and mouth is seen. The patient should be
examined to make certain that laryngeal irritation does not cause airway obstruction.
Esophageal stricture and perforation is common.

Medical Management

After the patient has been removed from the area of exposure, decontamination should
be started immediately in the field.

General Management

Remove all clothing and wash skin and hair with soap and large amounts of water for 15
to 20 minutes.

Cover burns with a sterile dressing.

The eyes should be irrigated continuously with water. A Morgan lens device and topical
analgesics will enable continuous eye irrigation therapy. Both of these items should be
considered part of an antidote/equipment cache. Slit lamp exam after fluorescein
staining will reveal the ocular injury.

Damage to the lungs is common after inhaling anhydrous ammonia, often resulting in
non-cardiogenic pulmonary edema. Since the victims may quickly develop shortness of
breath and laryngeal swelling, early intubation should be considered to protect the
airway.

Riot Control Agents

Irritating agents and lacrimators are chemicals that stimulate lacrimal glands to produce
tears. Riot control agents, and tear gas are synonyms for a group of aerosol-dispersed
chemicals that produce eye, nose, mouth, skin, and respiratory tract irritation. This
class of chemical agents causes involuntary eye closing due to irritation. For police, this
is an effective weapon as it can disable an assailant. It is widely used in the civilian
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arena for self-protection. The deleterious effect is usually transient, about 30 minutes
after exposure.

Riot Control Agents include:
CN (Mace?7)
OC (oleoresin capsicum or pepper spray)
Adamsite
CS (tear gas)

Characteristics

Riot control agents are solids. They are sometimes dispersed in a solution that is
aerosolized and can be dispersed from grenade or bomb.

Some police SWAT teams have small grenades that contain rubber pellets and/or CS.
CN (the active ingredient in Mace7) has caused several deaths from pulmonary injury.
CS is less toxic.

Capsicum, or pepper spray, is derived from the oleoresin capsicum in certain peppers.
It is also used as an over-the-counter topical pain medication.

Adamsite is an irritating and vomiting agent that acts very similarly to CN and CS. The

onset of its effects is delayed for minutes, compared to seconds for CN and CS. In
addition, adamsite does not cause skin irritation.

Clinical Effects

Pain, burning, and irritations of exposed mucous membranes comprise the clinical
picture.

Ophthalmic

Blepharospasm, or spasm of the muscle that causes eyelid closure, causes very
transient blindness due to the closed eyelids. Vision, however, is not impaired once the
eyes are opened. They cause tearing, conjunctival injection, and redness.

Pulmonary

Upper airway (mouth, nose)
Can cause nasal discharge, sneezing and burning.

Lower airway (lungs, bronchi)
Can cause coughing, shortness of breath, and chest tightness. Bronchospasm and
wheezing can occur for hours after the exposure.

Integumentary

All can cause burning and redness, and it is claimed that O. capsicum has fewer
tendencies to cause dermatitis. After exposure to large amounts of CS and CN, the
onset of a more severe dermatitis with erythema and blisters may be delayed for 4 to 6
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hours after exposure. These more severe effects occur under high temperature
conditions with high humidity and large amounts of agent contacting the skin.

Cardiovascular
Increased blood pressure and heart rate are probably a response to anxiety.

Medical Management

The effects of the riot control agents will rarely last longer than 30 minutes, although the
skin redness or erythema may last longer. In fact, in non- terrorist situations, most
people will not seek medical care. Less than 1 percent will have eye, airway, or skin
complaints severe enough to be medically assessed. A higher percentage might seek
care because of anxiety and panic.

There is no antidote available for these agents. Treatment is supportive and directed
towards alleviating symptoms which are not usually severe.

Ophthalmic

Should be irrigated copiously with water or saline. Remove contact lenses. Utilize slit
lamp exam to make certain that all solid particle foreign bodies are removed. Follow-up
with ophthalmologist is recommended.

Pulmonary
Treat wheezing with bronchodilators or steroids if standard bronchodilators fail. Oxygen
therapy if indicated. Most symptoms should be maximal within an hour or two.

Integumentary

Most skin exposures require little more than reassurance. With prolonged pain,
decontaminate with soap and water or a solution containing a carbonate and/or a
bicarbonate. Do NOT use bleach. The delayed onset dermatitis should be managed
with frequent irrigation and soothing ointments or creams.

147



TERRORISM INFORMATION AND TREATMENT GUIDELINES FOR HOSPITALS AND CLINICIANS

TRIAGE OF CHEMICAL AGENT CASUALTIES

Nerve Agent Mustard Pulmonary Intoxicants

Immediate | Unconscious or convulsing Patients with Patients who require immediate
casualties, or those with major moderate to attention are those who
disorders of two or more body severe develop noncardiogenic
systems are triaged as pulmonary pulmonary edema within 6
immediate. Immediate treatment | signs and hours after exposure to a
should include antidote symptoms are pulmonary intoxicant such as
administration and positive classified as phosgene
pressure ventilation to preserve immediate.
airways. Rapid intervention will
result in an improved outcome.

Delayed Nerve agent casualties are Most mustard Delayed casualties are those
categorized as delayed if their casualties are who develop cough and
initial symptoms are improving. triaged as dyspnea more than 6 hours
Antidote treatment of these delayed, after exposure. These
patients depends on the amount | including those | casualties should be admitted
of antidote available. If supplies | with burns and observed for the
are limited, then immediate covering 5 to 50 | development of latent
patients will be treated first. The | percent of their | pulmonary edema.
delayed category is also used for | body surface
patients recovering from exposure | area (BSA) or
after treatment who are conscious | with eye
and have improved respiratory involvement.
status. These patients may need
additional treatment and need to
be observed for several hours.

Minimal The minimal nerve agent casualty | Casualties with
is walking and talking and burns of less
indicates intact breathing and than 5 percent
circulation. These patients may BSA are
be able to assist with other minimal.
patients and/or decontamination.

Expectant | The patient who has been apneic | The expectant Expectant casualties are those

for more than 5 minutes and has
no pulse or blood pressure is
categorized as expectant.

casualty is the
victim with
burns greater
than 50 percent
BSA or no
respiration or
pulse.

who develop non-cardiogenic
pulmonary edema within 6
hours of exposure, in
circumstances where, due to
limited resources, ICU support
is not readily available (i.e.
mass casualty circumstance)
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Cyanide

Few signs and symptoms are visible except at very high doses. Severe cyanide
exposures require rapid intervention and are categorized as immediate. In these
patients, convulsions occur after 30 seconds, respiration ceases after 3 to 5 minutes,
and death ensues in 6 to 10 minutes.

Casualties with lower dose exposures have headaches, nausea and vomiting,
hyperventilation, and dizziness, and should be categorized as delayed. These
symptoms will improve if the patient is removed from the source of exposure.

CHEMICAL AGENT DETECTION

Recognition of a chemical attack is initially based on clinical criteria. This assessment
can be augmented by chemical detection. The current technology for the detection of a
chemical agent release is limited. Each of the various types of detectors currently
available has specific qualifying factors.

In general, chemical agent detection equipment can help to determine the need for and
level of PPE required to protect first responders and hospital personnel. It can be used
to certify that the victim has been adequately decontaminated to prevent
cross-contamination, and as an early warning device to notify authorities and the
community of a chemical agent release. Chemical detectors do not, however, replace
the need for an adequately supervised decontamination process.

KEY POINTS

To safely respond to a chemical terrorist attack, local communities must develop
resources, protocols, and policies that will enable a safe and appropriate response.
Patients exposed to hazardous chemicals require evacuation, life-saving intervention
e.g., ABCs, antidote therapy if available, and decontamination. First responders and
medical personnel must be trained and equipped to safely function in a chemically
contaminated environment.

Decontamination

Proper decontamination is the most important first step in treating a patient exposed to
chemical agents. Immediate removal of the patient’s clothing can remove up to 90
percent of the contaminant. Removed clothing should be bagged, sealed and retained
as possible evidence and for proper treatment and/or disposal. After the clothing is
removed, the patient’s skin and eyes may need to be decontaminated. In most cases,
decontamination of skin can be accomplished by gentle and thorough washing with
soap and water. For eyes, flush with plenty of water or normal saline solution.
Whenever possible, water run-off from decontamination should be contained.
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It is important not to abrade the skin during washing and rinsing. This is especially true
after exposure to blistering/vesicant agents which bind to skin. These agents may leave
the skin compromised and susceptible to further damage. For pulmonary agents or
incapacitating agents, a rinse in water alone may be adequate.

Victims contaminated with hydrogen cyanide liquid can secondarily contaminate
response personnel by direct contact or through off-gassing vapors. Avoid dermal
contact with cyanide-contaminated victims or with the gastric contents of victims who
may have ingested cyanide-containing materials. Victims exposed to hydrogen cyanide
gas do not pose a contamination risk to rescuers.

Personal protective equipment

Respiratory Protection

Protection from both vapors and particulates may be required when dealing with
chemical agent releases. Surgical and N-95 masks will NOT protect against inhalation
of vapors. Powered air-purifying respirators (PAPR) are recommended for health care
providers performing decontamination procedures.

Dermal Protection

Latex examination gloves provide little protection from most chemical agents and can
cause allergies. Chemical resistant suits, nitrile, butyl or neoprene gloves and boots
provide splash protection and need to be worn when performing decontamination.
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Antidote Therapy for Chemical Weapons Attacks

Soap and Water

Chemical Antidote Decontamination Other
(Including removal of
clothing)
Nerve Agent Atropine, 2-PAMCI Soap and Water Diazepam (Valium)
Sulfur Mustard | None, Supportive Soap and Water Delayed onset, delayed
bullae, pulmonary care
Lewisite BAL, Supportive Soap and Water Acute onset, treat acidosis,
volume depletion,
pseudomembranes
Cyanide Methemoglobin, Amyl Nitrite, Soap and Water Bicarbonate, O, fluids, treat
Sodium Nitrite, Sodium acidosis, Sudden loss of
Thiosulfate consciousness
Phosgene None, Supportive Soap and Water IVF, monitor volume, O,
early intubation, steroids,
watch for pulmonary edema
PFIB None, Supportive Monitor, O, watch for
pulmonary edema
Ammonia None, Supportive Irrigate eyes — water only Milk, bronchodilators,

Soap and Water Silvadene, Gl endoscopy,
watch for mediastinitis,
liquefaction necrosis

Chlorine None, Supportive Irrigate eyes — water only Bronchodilators, steroids,

Soap and Water intubation, bronchoscopy

CN (Mace) None Irrigate eyes — water only Remove foreign body from
Soap and Water eye, watch for bronchospasm
CS (Teargas) | None .
Irrigate eyes — water only
Soap and Water
Oleoresin None . From chili pepper, dermatitis,
capsicum Irrigate eyes — water only eye injury
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SECTION Ill: NUCLEAR/RADIOLOGICAL
TERRORISM INFORMATION AND TREATMENT
GUIDELINES FOR HOSPITALS AND CLINICIANS
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INTRODUCTION

There was a time when many people feared a possible nuclear attack by the former
Soviet Union. In response to federal civil defense recommendations, families built
bomb shelters in their basements, and stocked cellars with food and supplies in hope of
surviving the nuclear fallout that was sure to follow. With the end of the Cold War, the
threat of thermonuclear war has lessened considerably. Now, a new type of threat is
confronting society in which nuclear/radiological weapons may be directed against
civilian targets by terrorists.

It is important that first responders [police, fire, EMS personnel, physicians, nurses, and
other health care providers] understand radiation exposure and the consequences of
conventional explosives to spread radioactive materials so that they may better respond
to and treat victims of this type of incident. In responding to such an event, rescue
should not be attempted until the incident scene is secured, routine monitoring is
performed, and the responder is dressed in appropriate personal protective equipment
(PPE).

TERRORIST USE OF NUCLEAR MATERIALS

Terrorist use of radioactive materials or a nuclear device constitutes a plausible threat.
Such an incident could occur in one of five ways:
= Simple radiological device
= Radiological dispersal device
= Reactor sabotage
= |Improvised nuclear device
= Nuclear weapon

The medical consequences will be dependent on the type of device used.

Simple Radiological Device (SRD)

This is the deliberate act of spreading radioactive material without the use of an
explosive device. An example would be the placement of a high activity radioactive
isotope in a public place exposing numerous individuals to various levels of radiation.
Sealed sources could also be used to expose individuals near the source.

Radiological Dispersal Device (RDD)

A radiological dispersal device does not cause a nuclear reaction. Such a device is
formed by combining an explosive agent (TNT or a plastic explosive) with radioactive
materials that may have been stolen, for example, from a hospital or local industry. The
initial explosion Kills or injures those closest to the bomb, while the radioactive
substances remain to expose and contaminate survivors and emergency responders.
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A similar type of event could also occur from a failed nuclear weapon detonation.
(Under these circumstances, only the conventional component of the bomb explodes,
rather than a nuclear reaction, causing widespread release of plutonium).

Nuclear Reactor Sabotage

Most people are aware of the reactor accidents of Three Mile Island and Chernobyl.
The accident at Chernobyl was caused as the result of approximately eight safety
systems being bypassed.

In the Western World, probability of terrorism involving a reactor is low. This is due to
the high security surrounding a reactor together with the safety systems incorporated
into the reactor. There is extensive shielding around a reactor; therefore, a significant
amount of explosives would be required to breach this containment. This is a low
probability event.

Improvised Nuclear Device (IND)

This is any device designed to cause a nuclear detonation. Construction of such a
device would be difficult as it is not easy to get the weapon to detonate correctly. In
some cases only the conventional high explosives in the IND will detonate. In this
event, the IND is effectively a radiological dispersal device.

It is unlikely that terrorists will have the engineering sophistication and access to high-
grade nuclear materials that are required to build an IND, but any detonation of an
improvised or stolen device would generate high levels of radiation.

Nuclear Weapon

The probability of stealing a nuclear weapon in the Western World is very remote
because of the high security surrounding these devices. However, a Russian general
stated publicly that 50-100 one kiloton, suitcase nuclear weapons are unaccounted for
in the former Soviet Union.

THE BASICS OF RADIATION

General Concepts

Examples of radiations include visible light, sound, radio waves, microwaves, heat,
ionizing radiation, etc. Each example mentioned here has measurable physical
properties and interacts with matter it comes in contact with. This module on the
nuclear hazard will be concerned primarily with ionizing radiation.
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lonizing Radiation

As particles or energy emitted from a radioactive/radiation source pass through matter
they can strip electrons from atoms/molecules causing them to become electrically
charged or ionized, thus ionizing radiation. In living tissues/cells it is these ions
produced by radiation that cause cellular damage and affect normal biological
processes.

lonizing radiation can be machine generated (i.e., X-rays), or it can come from
radioactive atoms. Radioactive atoms are atoms with too much energy or mass. The
basic building block of all matter is the atom. The atom consists of a central nucleus
with shells of electrons orbiting around this nucleus. The nucleus is made up of
neutrons and protons. These protons, which are positively charge, have the tendency
to repel each other. The protons are held together within the nucleus by a force (a
super nuclear glue) that has three characteristics: it acts over a very short range,
independent of charge, and is very strong. There is a ratio of protons to neutrons (1 to
1.2) for stability of an element. Each element has a defined number of protons. When
an element is radioactive, usually there is an imbalance of this ratio of protons to
neutrons; often the imbalance is due to an excess of neutrons.

With respect to a radioactive nuclide, for it to become stable, the nucleus has the ability
to change a neutron into a proton with the ejection of a negative electron or, conversely,
has the ability to change a proton into a neutron with the ejection of a positive electron
known as a positron. The nucleus also has the capability of ejecting large particles,
consisting of two protons and two neutrons, known as an alpha particle. Therefore, a
radioactive nuclide achieves stability by ejecting particles until it has the correct ratio of
protons to neutrons, remembering that the resultant element will be different than the
original one. Although the final element concerned has the correct number of protons
and neutrons, it is still not stable. The reason for this is that within the nucleus there is
an excess of energy. This excess energy is given off as electromagnetic energy of very
short wave length. It is called gamma radiation. When all this excess energy is given
off, the resultant element finally becomes stable.

The most common types of ionizing radiations are alpha particles, beta particles,
gamma rays or X-rays, and neutrons. Gamma rays and X-rays may also be referred to
as photons.

The basic building block of any tissue is the cell, and damage to the cell changes its
chemistry or DNA. The chemical damage is instantaneous, but the clinical expression
of this damage can take hours to years to express itself. At high doses, clinical
expression can be within hours [e.g., the acute radiation syndrome (ARS)]. However, at
lower doses or even after recovery from ARS, there is the probability, although low, of
developing cancer 20-30 years later.

Alpha particles

Alpha particles are composed of two neutrons and two protons. Alpha particles do not
penetrate the skin and can be shielded by a thin layer of paper or clothing. Because the
outer layer of skin is dead and several microns thick, the alpha particle is unable to
penetrate through the dead layers of skin to reach the lower layers of living cells and
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generally will not cause any skin damage. If, however, an alpha emitter gets inside the
body through inhalation, ingestion, or via a wound, the alpha emissions are near live
tissue, and localized damage could occur.

Beta particles

Beta radiation may travel meters in air and is moderately penetrating. Beta

radiation can penetrate human skin to the germinal layer, where new skin cells are
produced. If beta emitting contaminants are allowed to remain on the skin for a
prolonged period of time, they may cause skin injury. Beta emitting contaminants may
be harmful if deposited internally. A sheet of aluminum foil a few millimeters thick will
stop beta radiation, and PPE provides some protection against most beta radiation.

Gamma rays (photons)

Gamma radiation is able to travel many meters in air and many centimeters in human
tissue. It readily penetrates most materials and is sometimes called penetrating
radiation. X-rays are like gamma rays. They too, are penetrating radiation.

Radioactive materials that emit gamma radiation constitute both an external and internal
hazard to humans. Dense materials are needed to shield against gamma radiation.
PPE provides little shielding from gamma radiation but will prevent contamination of the
skin. Gamma radiation frequently accompanies the emission of alpha and beta
radiation.

Neutrons

Neutrons are neutral particles emitted from the nucleus of an atom. Neutrons lose most
of their energy through collisions with other atomic nuclei. An analogy that could be
used is the billiard ball effect (i.e., when one billiard ball strikes another, energy is
transferred from one ball to the other). Under certain circumstances, neutrons can be
captured by a stable nucleus, making the nucleus radioactive. An example of this is Na-
23 being changed (transmuted) into Na-24.

Radiation Detection

Unfortunately our body senses cannot detect radiation. We cannot see, smell, taste,
feel, or hear radiation, but we have very good instrumentation to detect it. Radiation
monitoring instruments detect the presence of radiation, usually by collecting charged
particles (ions). The radiation measured is usually expressed as exposure per unit time,
using various units of measure, including the curie (Ci), the becquerel (Bq), and counts
per minute (CPM). The most commonly used instruments to detect the presence of
radiation include:

Geiger Mueller Survey Meter or Geiger Counter

The Geiger-Mueller (GM) survey meter will detect low levels of gamma and most beta
radiation. The instrument typically has the capability to distinguish between gamma and
beta radiation. This instrument is used to measure background radiation levels and to
quickly evaluate potentially contaminated victims. If a greater level of radiation emission
is anticipated, a higher range instrument (such as an ionization chamber) should be
used. At higher levels, the GM meter will often display incorrectly low or off-scale
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readings. All healthcare facilities must have staff that knows how to use a GM survey
meter.

lonization Chamber Survey Meter
This device measures gamma ray dose/rate when high level radiation hazards are
suspected. Low level gamma contamination is not detected.

Alpha Monitors

Alpha Monitors are designed to measure the presence of alpha particles. Since alpha
particles travel short distances, they might not be detected in wounds because blood
and tissue fluids may shield the particles from reaching the monitor’s surface. Because
of these factors experienced persons such as the Radiation Safety Officer (RSO) should
do alpha surveys.

Dose Rate Meters
These measure mrad/hour or rad/hour units of personal radiation. To find the dose an
individual received, multiply the dose rate by the time. Dose = Dose Rate X Time

Pocket or Personal Dosimeters
These simple devices measure accumulated radiation to gamma rays. Some devices
basically contain a piece of film embedded in a badge of varying densities.

Other Devices Used
TLD (lithium fluoride) and QFD Quartz Fiber Dosimeters, and Electronic Readout
Dosimeters.

Radiation Units

The basic unit for measuring radiation is the rad (radiation absorbed dose). The rad is
defined as the deposition of 0.01 joule of energy per kilogram (kg) of tissue. To quantify
the amount of damage that is suspected from a radiation exposure, rads are converted
into rems (which at one time stood for Roentgen Equivalent Man). The rem is adjusted
to reflect the type of radiation absorbed and the likelihood of damage to tissues/cells.
For beta, gamma, and X-rays the rad will be equivalent to the rem (1 rem = 1,000
millirem).

The rem was introduced to take into account this variation in potential tissue damage.
This is important because radiation may be of mixed type. For example, a standard X-
ray machine was used to deliver 100 rads of radiation and to compare the biological
endpoint with other types of radiation. It was found that 100 rads of gamma and beta
radiation produced the same effect as 100 rads of X-ray. However, it was found that
only 20 rads of neutrons and 5 rads of alpha were found to produce the same effect as
100 rads of X-ray. Therefore, neutron and alpha radiations were more potent and
required fewer rads to produce the same effect. (This concept applies only to
occupational exposure.) Now weighting factors are used for each organ/tissue.

160



TERRORISM INFORMATION AND TREATMENT GUIDELINES FOR HOSPITALS AND CLINICIANS

Radioactive Materials

Radioactive materials, materials that emit ionizing radiation, are used in diagnosis
(nuclear medicine), therapy (cancer treatment), industry (non-destructive testing), and
for research purposes. A number of radioactive materials, including radioactive waste,
are commercially shipped in specialized containers.

Radioactive materials are chemically and physically identical to their non-radioactive
counterparts and behave in the body the same as their non-radioactive counterparts (for
example, radioactive iodine behave the same as stable iodine). For practical purposes,
after 10 half-lives, most of the radioactivity in a particular quantity of radioactive material
is gone.

Radioactivity has existed for millions of years in the crust of the earth, in building
materials, in the food we eat, the air we breathe, and in virtually everything that
surrounds us. Radiation from these materials, as well as cosmic radiation from the sun
and universe, makes up the background radiation to which we are constantly exposed.
Most individuals are exposed to about 360 millirems per year through natural causes
and manmade sources. Smoking 1.5 packs of cigarettes a day for 1 year produces an
accumulative radiation doses of 16 rem to the bifurcation of the bronchus. If an
individual is exposed to more than 100 rads at one time, predictable signs and
symptoms will develop within a few hours, days, or weeks depending on the dose. Fifty
percent of individuals exposed to a single dose of 450 millirems will die without medical
intervention.

Radiation Protection Guidelines

Time

The shorter the time in a radiation field, the less the radiation exposure. Work quickly
and efficiently. A rotating team approach can be used to keep individual radiation
exposures to a minimum.

Distance

The farther a person is from a source of radiation, the lower the radiation dose. Do not
touch radioactive materials. Use shovels, brooms, etc., to move materials to avoid
physical contact.

Shielding
Although not always practical in emergency situations, shielding offered by barriers can
reduce radiation exposure.

Quantity
Limit the amount of radioactive material in the working area to decrease exposure.
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RADIATION INJURY

Types of Radiation Injury

Regardless of where or how an accident involving radiation happens, three types of
radiation-induced injury can occur: external irradiation, contamination with radioactive
materials, and incorporation of radioactive material into body cells, tissues, or organs.

External Irradiation

External irradiation occurs when all or part of the body is exposed to penetrating
radiation from an external source. During exposure this radiation can be absorbed by
the body or it can pass completely through. A similar thing occurs during an ordinary
chest x-ray. Following external exposure, an individual is not radioactive and can be
treated like any other patient.

Contamination

The second type of radiation injury involves contamination with radioactive materials.
Contamination means that radioactive materials in the form of gases, liquids, or solids
are released into the environment and contaminate people externally, internally, or both.
An external surface of the body, such as the skin, can become contaminated. These
victims pose a threat to health care providers and must be decontaminated. If
radioactive materials get inside the body through the lungs, gut, or wounds, the
contaminant can become deposited internally.

Incorporation

The third type of radiation injury that can occur is incorporation of radioactive material.
Incorporation refers to the uptake of radioactive materials by body cells, tissues, and
target organs such as bone, liver, thyroid, or kidney. In general, radioactive materials
are distributed throughout the body based upon their chemical properties. Incorporation
cannot occur unless contamination has occurred.

Severity of Injury

In general, the higher the dose, the more severe the early effects will be and the greater
the possibility of delayed effects. Obviously, one can increase the dose until the cell is
killed outright. However, it is found that a much lower dose can stop cell division.

For example, if we consider the hematopoietic system, an individual hematopoietic stem

cell has the capability of producing millions of mature cells. Preventing stem cell
division means the loss of these cells. The importance of this is that a sub-lethal dose
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produces these effects. Two important organ systems that have rapidly dividing cell
lines are the hematopoietic and gastrointestinal systems.

After the dropping of the atomic bombs in Japan, experiments were carried out on
various animals to determine the dose that would kill 50 percent of the experimental

animal population within a set time period. Accident data on humans that were not
treated indicate the lethal dose (LD) 50 was in the region of 350 rads to 450 rads.

Acute Radiation Syndrome (ARS)

Definition

An acute illness, which follows a roughly predictable course over a period of time
ranging from a few hours to several weeks after exposure to ionizing radiation. The
acute radiation syndrome is produced if enough radiation reaches enough sensitive
tissue. Important factors are:

High dose

High dose rate

Whole body exposure

Penetrating irradiation

Signs and Symptoms

The signs and symptoms that develop in ARS occur through four distinct phases:

Prodromal phase

Depending on the total amount of radiation absorbed, patients may experience a variety
of symptoms including loss of appetite, nausea, vomiting, fatigue, and diarrhea. After
high radiation doses, additional symptoms such as prostration, fever, respiratory
difficulties, and increased excitability may develop. This is the stage at which most
victims seek medical care.

Latent phase

This is the transitional period in which many of the initial symptoms resolve, and may
last for up to 3 weeks depending on the original radiation dose. This time interval
decreases as the initial dose increases.

lliness phase
The period of time when overt illness develops, often characterized by infection,
bleeding, electrolyte imbalance, diarrhea, changes in mental status, and shock.

Recovery or death phase
This follows the period of overt iliness, which may take weeks or months to resolve.
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AFFECTED SYSTEMS

Hematopoietic or Blood Forming System

This system shows the earliest indication of the severity of the radiation exposure
through the rapidity and degree of drop in the cell count (lymphocytes, granulocytes,
thrombocytes, and reticulocytes). This reduction in the cell count is commonly
associated with fever, sepsis, and hemorrhagic complications.

The absolute lymphocyte count at 48 hours after exposure is a good predictor for
prognosis. For example, if the total lymphocyte count is greater than 1,200 it is unlikely
that the patient has received a lethal dose. If at 48 hours the lymphocyte cell count is
between 300 and 1,200, a significant exposure has occurred and the patient should be
hospitalized with barrier protection isolation. Lymphocyte levels of less than 300 cells
per/ml are usually critical and warrant the consideration of the use of colony-stimulating
factors on an individual basis.

Gastrointestinal System

Symptoms in this system are regularly seen at acute doses greater than 600 rads and
result from damage to the epithelial cells lining the intestinal tract. The higher the
exposure, the sooner the symptoms of nausea and vomiting develop. The presence of
these symptoms typically overlap with the drop in the cell count described previously.
As a result, sepsis, loss of fluids, electrolytes and opportunistic infections complicate the
picture. Persistent high fevers and bloody diarrhea is an ominous sign despite fluid and
electrolyte replacement.

Central Nervous System (CNS)

Central nervous system symptoms are seen with acute radiation doses in excess of
1000 rads and are probably due to diffuse microvascular leaks within the brain.
Damage to these blood vessels result in the loss of fluids and electrolytes, edema,
increased intracranial pressure, and death. This injury is irreversible and the victim
rarely lives long enough to suffer any hematological or gastrointestinal symptoms.
Symptoms of shock may develop quickly in these patients. There is also associated
cardiovascular collapse in this kind of patient.

Integumentary

Various skin changes occur depending on the radiation dose. The injuries tend to
progress with dose level and there appears to be a threshold effect for these clinical
signs. Early erythema is an important sign to look for. At doses around 300 rads,
erythema will develop within a few hours, but more importantly, it can disappear within a
few hours only to reappear at a later time. Therefore, the patient should be examined
on an hourly basis for this sign and ideally photographs should be taken to document
this sign. If local radiation dermatitis develops with this sign, the dose is in the region of
1,000 rads. If blistering occurs then the dose is in the range of 1,500 rads. Also if
necrosis develops, the dose is in the region of greater than 5,000 rads. Therefore, by
noting these clinical signs, one is able to establish the approximate dose range the
patient was subjected to and these doses would be confirmed by dosimetry at a later
stage.
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>300 rads: Epilation 17-21 days

>600 rads: Erythema that may disappear within a few hours
>1000 rads: Dry desquamation 2 - 4 weeks

>1500rads: Moist desquamation 2 - 8 weeks

>5000 rads: Necrosis few days to months

Trauma and Radiation

Patients who have suffered trauma (from an explosive or burn) combined with an acute
exposure to penetrating radiation will have an increased chance of dying as compared
to patients who have suffered from the same dose of radiation without trauma. All
combined injuries are worse than radiation alone. If a patient has received an acute
dose greater than 200 rads, effort must be made to close wounds, cover burns, reduce
fractures, and perform surgical stabilizing and definitive treatments within the first 48
hours after injury. After 48 hours, surgical interventions should be delayed for 2 to 3
months.

Triage of Radiation Casualties

Triage of victims from a radiological event should follow the same principles used in
sorting victims of a hazardous material incident. Victims are classified with regard to
their need for treatment and will be classified as requiring minimal treatment, immediate
care, delayed care, or as expectant. Since the degree of radiation injury will not be
initially apparent, triage criteria will need to be based on associated injuries and
complaints. The triage method used will vary according to local practices.

Patients who require immediate attention are those with traumatic injuries such as
crushing extremity wounds, incomplete amputations, severe burns of face and upper
respiratory tract, and difficulty breathing due to mechanical problems.

Delayed casualties include those with traumatic injuries that are not life-threatening
such as simple fractures, or second and third degree burns less than 25 percent of body
surface area (BSA).

Minimal casualties are those with burns less than 10 percent of BSA, but not involving
critical areas or those who have received short-term body ionizing radiation doses of
100 to 150 rads. When this dose of irradiation is combined with burns, then the
prognosis is much more severe.

Expectant casualties have severe burns greater than 30 percent BSA, critical injuries to
the respiratory or nervous system, or have received lethal doses of total body radiation,
as indicated by a combination of clinical signs, including high fever, disorientation,
bloody diarrhea, or vomiting.
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Classification, Treatment, and Disposition

Once the radiological survey and decontamination procedure is complete, patients may
be classified into one of 3 categories, based on their presenting signs and symptoms.

Survival Probable Group

This group of patients who present without any initial symptoms, or whose symptoms
are so minimal (i.e., nausea and vomiting), that they resolve in a few hours. These
individuals have most probably not received a lethal radiation dose, and most likely are
exposed to < 100 rads. The initial CBC and sequential studies will not show a
significant decrease in the lymphocyte or granulocyte counts. These patients can be
safely sent home and instructed to return if symptoms redevelop.

Survival Possible Group

These victims present with nausea and vomiting, which typically last 24 to 48 hours
followed by an asymptomatic period. During this latent phase, laboratory evaluations
will show a drop in various cell counts (lymphocytopenia, leukocytopenia, and
thrombocytopenia). If vomiting is severe, these patients should be admitted for fluid and
electrolyte therapy and treated with antiemetics.

If the absolute lymphocyte count is less that 1,200 (or 50 percent of the baseline),
protective isolation precautions should be implemented. These patients will have
typically received a radiation dose in the range of 200 to 800 rads. The LD50 in mass
casualty situations is in the range of 350 to 450 rads. Treatment is primarily supportive.

Blood replacement products, hyperalimentation, antibiotics, antivirals, and antifungal
medications should only be administered after consultation with a hematologist,
oncologist, or infectious disease specialist. Colony-stimulating factors will probably be
indicated for pancytopenia.

Survival Improbable Group

Patients in this group have been exposed to whole-body irradiation in doses exceeding
800 rads. These victims present an acute onset of fulminating vomiting, diarrhea, and
shock, requiring aggressive fluid and electrolyte therapy. The presence of any CNS
symptoms (confusion, a change in mental status, etc.) signals that the patient has
received a lethal dose of radiation. These victims will develop bone marrow
suppression, leading to aplasia and pancytopenia that is uniformly fatal unless a
successful hematopoietic stem cell transplant and/or colony stimulating factors are
used. Treatment outcomes in some recent accidents suggest that exposure in the 800
to 1,200 rad range can be successfully managed through the hematopoietic crisis,
although the individuals treated often succumbed to residual lung damage 6 to 12
months following exposure. In mass casualty situations, these victims are provided with
comfort measures only (i.e., pain management).
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CASUALTY MANAGEMENT IN A DISASTER

Activate the Hospital Plan

¢ Establish triage area outside the hospital

e Set up decontamination corridor, preferable outside the Emergency Department

¢ Plan to control contamination:

e Set up a controlled area large enough to hold the anticipated number of victims.
Demarcate controlled area with tape or floor markings.

¢ Prevent tracking of contaminants by covering floor areas

¢ Restrict access to the controlled area

e Monitor anyone or anything leaving the controlled area

¢ Use strict isolation precautions, including protective clothing and double
bagging

¢ Use a buffer zone or secondary control line for added security

e Control waste by using plastic-lined container for clothing, linens, dressings,
etc.

e Control ventilation

e Change instruments, outer gloves, drapes, etc. when they become
contaminated

o Use waterproof materials to limit the spread of contaminated liquids; for
example, waterproof aperture drapes

e Protective clothing for staff: gowns (preferably water-resistant), caps, masks,
boots, and two pairs of gloves. Staff should wear dosimetry (if it is available)
and eye protection.

» Notify Radiation Safety Officer (RSO) to issue dosimeters, prepare instruments
and mobilize nuclear medicine staff to assist with surveys

¢ Designate storage area for waste (outside hospital)

Patient Arrival

e Determine if incident involves contamination. If so, each patient should be
surveyed, checking for the presence of radioactive contamination. If
contaminated, the patient should be directed to the decontamination area.

¢ Upon arrival, all patient clothing should be removed under the
guidance/direction of staff, so that further contamination of the patient is limited.
Clothing and personal belongings are placed in a labeled biohazard bag.

¢ Patients suspected of being contaminated should be decontaminated. If open
wounds are present, they should be irrigated first. Then covered with a sterile,
waterproof dressing prior to the total body washing. After decontamination,
each patient should be re-surveyed.

e After decontamination, biological samples should be taken: nasal swabs, throat
swabs, etc.

e Collect blood for CBC and differential.

* Note past medical history of patient. Important questions are history of renal
disease, allergies, or nuclear medicine procedures.
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Internal Contamination

Once radioactive materials cross cell membranes, they are said to be incorporated.
Incorporation is a time-dependent, physiological phenomenon related to both the
physical and chemical natures of the contaminant. The rate of incorporation can be
quite rapid, occurring in minutes, or it can take days to months. Thus, time can be
critical and treatment (decorporation) urgent. Several methods of preventing
incorporation (e.g., catharsis, gastric lavage) might be applicable and can be prescribed
by a physician. Some of the medications or preparations used in decorporation might
not be available at the facility but should be stocked locally.

If internal contamination is suspected or has occurred, the physician, or RSO should
request samples of urine, feces, vomitus, wound secretions, etc. Whole-body counting
and radioassay also can help evaluate the magnitude of the problem and the effect of
any treatment. The contaminated patient admitted with an airway device or
endotracheal tube must be considered to be internally contaminated.

KEY POINTS

Hospital personnel should be prepared for a nuclear reactor accident, industrial incident,
or terrorist event. It will present many unique challenges to hospital personnel. A
radiation-contaminated patient should be handled in the same manner as any
hazardous material accident victim.

Hospital emergency department personnel should always use proper priorities in caring
for accident victims where potential radiation hazards exist: treat life-threatening
problems first, limit the radiation dose to both victim and personnel, and control the
spread of radioactive contaminants. Serious medical problems have priority over the
concerns about radiation, such as radiation monitoring, contamination control, and
decontamination.

Irradiation of the whole body or some specific body part does not constitute a medical
emergency even if the amount of radiation received is high. The effects of irradiation
usually are not evident for days to weeks and while medical treatment is needed, it is
not needed on an emergency basis. On the other hand, contamination accidents must
be considered medical emergencies since they might lead to internal contamination and
subsequent incorporation. Incorporation can result in adverse health effects several
years later if the amount of incorporated radioactive material is high.

Carefully evaluating the initial presenting signs and symptoms (such as nausea,
vomiting, diarrhea, changes in mental status, shock, and lymphocyte count over the first
48 hours) becomes the most reliable indicator of the radiation dose and patient’s
ultimate prognosis.

Since no antidote exists for radiation exposure, treatment is primarily supportive with
more specialized care directed towards patients with high dose irradiation and those
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with internal contamination. Consultation with specialists in hematology, oncology,
radiation, and infectious disease should be obtained.

The need for initial treatment for internally contaminated patients is determined based
on the patient’s medical condition, history, biological samples (nasal swabs), and
definitive evaluation of internal contamination. Whole body counting may be needed if

internal contamination is suspected.

MEDICATIONS AND MECHANISMS OF DECORPORATION
(Modified Form Safety Series 47, IAEA)

Radionuclide | Medication Ingestion/Inhalation Wound Principle of
Action

lodine Kil 130 mg (tab.) stat, Same Blocking
followed by 130 mg
g.d. x 7 if indicated

Rare earths DTPA 1 gm Ca-DTPA in Chelation

Plutonium 500 ml 5 percent D/W

Transplutonic IV over 60 min; or 1

s Yttrium gm (4ml)in6 ml 5
percent D/W by slow
IV injection (1 min)

Polonium BAL One ampule (=300 Same Promotes

Mercury mg) IM q 4 hrs for 3 excretion

Arsenic days - (first test for

Bismuth Gold sensitivity with 3
amp.)

Uranium Bicarbonate Slow IV infusion of Slow IV infusion | Alkalinization of
bicarbonated of bicarbonated | urine; reduces
physiological solution | physiological chance of ATN
(250 ml at 14 solution (250 ml
percent) at 14 percent)

and wash with
bicarbonate

Cesium Prussian Blue 1 gm in 100-200 ml Same Mobilization

Rubidium [Ferrihexacyano- | water p.o. t.i.d. for from organs

Thallium Ferrate(ll)] several days and tissues -

reduction and
absorption

Radium Ca-gluconate May be tried; 20 Same Displacement

percent Ca-gluconate
10 ml IV once or
twice daily
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Strontium Ammonium 3 gmt.id. p.o. Same Demineralizing
chloride agent

Tritium Water Force liquid Same Isotopic dilution

Strontium BaSO4 100 gm BaSOq in 250 | Same Reduces

Radium ml of water absorption

Calcium Sodium Alignate 10 gm in a large Same Inhibits

Barium glass of water absorption

Copper D-penicillamine 1gmIVqgd. or 0.9 Same Chelation

Polonium gm p.o. 14 - 6 hours

Lead Mercury

Gold
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